A growing body of evidence suggests large increases in criminal behavior and mortality coinciding with a young adult's 21st birthday, when alcohol consumption becomes legal.
Introduction
While there are well documented effects of alcohol access and heavy drinking on mortality and arrests, less causal evidence is available for a host of other, highly prevalent alcohol-related behaviors, such as risky sexual activity, violence, drunk driving, and potentially complementary substance use 1 , among others. Despite decades of policy interventions to curb problem drinking among adolescents and young adults as well as a large volume of research attempting to estimate the effects of problem drinking on a host of outcomes, little convincing evidence is available.
One of the most visible policies the US employs to curb problem drinking is the use of a Minimum Legal Drinking Age (MLDA) law that for over the past two decades has criminalized alcohol use below the age of 21 in the US 2 . There is a large literature that uses state variation in these laws from the 1980s to show negative effects on alcohol consumption and traffic accidents (see Wagenaar and Toomey 2002 for review). More recently, researchers have used the strict age cutoff generated by the law to show strong evidence of increases in problem drinking, alcohol related mortality, and criminal behaviors following individuals' 21 st birthdays (e.g. Carpenter and Dobkin, 2009, 2015 Carpenter and Dobkin 2011 for a review). However, while there is clear evidence on this limited set of relatively infrequent outcomes, less is understood about the effects of alcohol use and misuse on a broader set of intermediate and more highly prevalent outcomes, such as drunk driving 3 , risky sexual behaviors, violent acts, and drug use.
The current focus in the literature on examining the impacts of alcohol access on mortality, arrests, and some measures of drug use is problematic both in limiting understanding of the comprehensive impacts of the MLDA on behaviors that may be complements or substitutes with alcohol use and also in limiting our understanding of potentially important determinants of many risky behaviors (e.g. dating violence) that are speculated to be related to alcohol use, but have not been the subject of causal investigations. This paper expands on the use of the strict MLDA age-cutoff to further examine impacts of the law and extending analysis to previously unexplored or underexplored risky behavior outcomes.
In addition, the current MLDA policy has come under increased scrutiny and reevaluation. Several states have recently considered proposals to reduce their drinking age, including South Dakota, Vermont, and Missouri (Lovenheim and Slemrod 2010). There has also been a widely publicized proposal by over 100 university and college presidents to reduce the MLDA to 18 because of the negative consequences of prohibition to age 21 (see Amethyst
Initiative 2008). Lowering the age to 18 would allow individuals to be initially given legal access to alcohol while most are still living with their parents, who might more successfully oversee this transition and may blunt the associated increase in binge drinking and related consequences. This paper presents some exploratory analysis that may provide some suggestive evidence related to this current policy question.
Specifically, this paper uses the variation generated by the increase in legal alcohol access at age 21 in the US to replicate prior examinations on the impacts on binge drinking, drug use, and some measures of criminal activity, and extends the literature by exploring several novel measures of risky behaviors, including self reports of (rather than arrests for) drunk driving, drinking-related risky sex, interpersonal troubles, hangovers, and violence. Results suggest that, on average, access increases binge drinking but has few other consequences. However, the effects vary considerably by gender, where females (but not males) are more likely to initiate alcohol use at age 21, males substantially increase binge drinking at age 21. In addition, males (but not females) face an increased risk of problems with friends and risky sexual activity at age 21. There is also some evidence of an increase in drunk driving and violence. Finally, in order to provide suggestive evidence of one dimension of the policy consideration of lowering the MLDA, I also stratify the results based on the living arrangement of the young adults. The findings suggest no harm reduction associated with binge drinking for those individuals living with their parents around age 21; in fact, individuals living with their parents (regardless of whether they are in school) have larger increases in alcohol related risky behaviors than individuals living away from their parents.
Literature Review
Alcohol use and misuse are among the most common causes of mortality and morbidity in the US and around the world. Alcohol misuse not only harms many of the body's organ systems and facilitates various medical problems, including cardiovascular disease and liver cirrhosis, but it contributes to injuries, automobile collisions, and violence (U.S. DHSS 2000).
Short and long-term consequences of early alcohol use include increases in risky behaviors, negative health, and estimated costs to the U.S. of $53 billion annually. Despite ongoing policy interventions, over 25% of 12-20 year olds drink alcohol, and nearly 25% of those in high school frequently binge drink 4 .
One of the primary policies to combat alcohol misuse is to shift consumption to older on risky health-related behaviors of adolescents and young adults, this dataset will allow a rich set of drinking related outcomes not available in other surveys.
In particular, this paper focuses on drinking outcomes, such as any alcohol use, binge use, and frequency of use as well as drinking related risky behaviors, such as being drunk at work, drunk driving, having problems with friends, dates, and others while drinking, being hung over, and other outcomes. In order to also examine the potential heterogeneity of effects, I stratify the analyses by gender. Finally, in order to provide some suggestive evidence on the efficacy of changes to the current minimum drinking age, I stratify the analysis based on the current living arrangement and school attendance status of the respondents. Table 1 represents summary statistics of the available data for the sample of individuals ages 19-22 at the time of interview (summary statistics for the full sample are presented in Table 1A in the appendix). Table 2 stratifies the summary statistics by gender. The appendix outlines the definitions of the variables used in the analyses.
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In order to provide evidence consistent with the use of the RD approach, I show that the density of individuals in the sample is smooth through the Age 21 cutoff and that the characteristics of the individuals (e.g. race, gender, maternal education and family income) are also smooth. Table 3 provides the results of these examinations. Figure 1 plots the data by age in months centered at 252 months (Age 21). Neither result suggests a discontinuity in the density of individuals in the data. Next, the remaining columns of Table 3 present the empirical tests of smoothness in exogenous characteristics; the only result that is statistically significant is for "other race", which is only significant in the linear specification. See Figure 2 for graphical evidence of smoothness of the exogenous characteristics. These results and those that follow are produced using a simple linear specification for the running variable (age-in-months):
The purpose of the analysis in this paper is to leverage findings from previous literature that have shown that the causal effect estimates typically do not change very much in the RD literature using MLDA based on using quadratic, cubic, quartic polynomials in age, when interacting age with the threshold, or when adding control variables. Since this paper examines over 20 outcomes, the focus on the linear specification is mainly to conserve space and limit the number of tables. However, results do not change if instead a quadratic in age is used nor whether interactions are estimated between the running variable and the threshold measure or whether additional control variables are used (see selected results in Appendix Table 3A ). The latter is not surprising given the balance of control variables through the discontinuity (see Table 3 ).
The standard errors are clustered on the running variable, following Lee and Card (2008) .
Results
The first set of results examines the "first stage" relationship-the effect of an increase in alcohol access on alcohol consumption. As seen in Table 4 percentage point increase in binge drinking over the past month using the CHIS data. See Figure   4 for graphical evidence of the binge drinking result 10 . This result also suggests that much of the increase in binge drinking in the previous year is from recent binge drinking, which further reinforces the importance of the increase in alcohol access at age 21. The persistence in elevated binge drinking over 10 months past turning 21 suggests that the effect is more than just a temporary "celebration effect".
To further examine the effects of alcohol access, Table 4G stratifies the results by gender and shows that, while the gender differences are not statistically significant, the magnitudes are relatively large in some cases. Here, the results suggest an increase in ever-drinking for females of nearly 4 points but no effect for males (Carpenter and Dobkin 2009 do not find any evidence of increases in alcohol participation). While the effects of turning 21 on previous year binge drinking and drinking days is similar by gender, the effects of binge drinking the previous two weeks is over twice as large for men (8 points) than women (less than 4 points), as is the effect on the number of binge days in the previous two weeks. See Figure 5 for graphical evidence.
While the mortality and criminal consequences of alcohol access at age 21 have been
shown by Carpenter and Dobkin (2009, 2015) , much less is known about the potential for increases in more prevalent risky behaviors associated with alcohol misuse that fall short of these "catastrophic" outcomes. Table 5 presents these estimates for a wide range of risky behaviors associated with heavy drinking, including (self reported) drinking and driving, work problems, relationship problems, risky sex and fighting due to drinking. Although all the coefficients suggest 1-2 point increases in these outcomes, only the effect on having "any problems with friends due to drinking" is statistically significant for the full sample.
As in the last set of results, I stratify the analysis by gender in Table 5G to further examine these problem behaviors. The results suggest some relatively large and statistically significant effects of turning 21 on several risky behaviors for men but no effects for women. In particular, there is a nearly 4 point increase in reporting drinking and driving in the past five years (mean level of 29%), there is also a 6 point increase in having sex due to alcohol use that the respondent later regretted (mean level of 18%) 11 . See Figure 6 and 7 for graphical evidence.
In additional to examining a range of consequences directly related to alcohol consumption, Table 6 outlines relationships with other, potentially related health behaviors.
Overall, there is no detectable evidence of increases in suicidal thoughts or attempts as well as no evidence that tobacco or marijuana use change discontinuously at age 21, which is suggestive evidence against strong complementarities with these substances and alcohol use 12 . Although not reported, there were also no detectable differences by gender for the outcomes in Table 6 .
Potential Policy Implications
Overall, the findings have suggested some relatively large effects of the minimum drinking age law on heavy alcohol use and associated risky behaviors, such as drunk driving and risky sexual activity, which have been shown to be concentrated among men. These results have complemented the work by Carpenter and Dobkin (2009, 2015) , who show large effects on mortality and criminal behavior of access to alcohol after turning 21. The estimates also echo some new evidence from Yoruk and Yoruk (2011) that alcohol is not strongly complementary with marijuana or tobacco in this, alternative, sample.
An important policy question related to these findings is whether we might change the legal age, either by moving it back to age 18 or even moving later, past college-age. For example, as discussed above, over 100 university and college presidents have recently suggested benefits from replacing the current age 21 laws with age 18 laws because of the development of a "culture of binge drinking" on college campuses. An implication is that individuals who are given access to alcohol in other contexts, such as at age 18 when they are living with their parents, might face fewer drinking-related problems.
While it is exceedingly difficult to apply the results from this and other studies to this policy question, there may be some suggestive evidence allowed by the use of the rich dataset that contains information on the living context of the respondents. This section presents evidence of whether individuals who live with their parents at age 21 respond differently to legal access to alcohol than individuals who do not live with their parents. I also examine differences based on whether the respondent is currently in college. Notes: Standard errors clustered on running variable. The first column uses collapsed data at the age-of-month level to produce counts of individuals in the data. Family Income in $1000s; Standard deviation of PVT Score is 15. Appendix Tables  Table 1A:  Descriptive Statistics for Analysis Sample and Full Sample (N~15,000 Table 4 ) by using the same outcome and comparing the results from linear specification (Baseline) to results using quadratic specifications (Quad), specifications that interact the running variable with the treatment (Inter) and specifications using a quadratic specification with interactions of both the running variable and the running variable-squared (Quad/Inter). RV-squared: Running Variable X Running Variable, Running X: Interaction between the running variable and the age-21 threshold. The coefficient for the running variable-squared X age>21 are not shown. During the past 12 months, on how many days did you drink alcohol? 1 or 2 days in the past 12 months (=1); 3 to 12 times in the past 12 months (=10); 2 or 3 days a month (=25); 1 or 2 days a week (=50); 3 to 5 days a week (=150); every day or almost every day ( 
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